
The Big Bang! 

The Big History of our Planet 

– The 1st threshold 

 



8 fundamental thresholds of  
increasing complexity 
 
1. The Big Bang 
2. Stars 
3. New Chemical Elements 
4. Planets (our solar system) 
5. Life (on earth)  
6. Humans [From the Natural Sciences to the Humanities] 
7. Agriculture 
8. Fossil fuels and the Anthropocene 

Let’s start here! 



What is the Universe? 

: the one “space” that  
contains everything 

Universe 

= one 



So How does the Universe Look Like? 

• The Millennium Simulation Project 
– https://www.youtube.com/watch?v=yyfpFfWq7Bc 

• The Cosmic Web 



Why bother? 

• Humankind has always wondered: 

– When did everything begin? 

– How did everything begin? 

– Why did everything begin? 

– Where are we going? 

 1st threshold: the origin of our universe! 



Chinese Origin Story 

• Pangu(盤古) was born in a 
cosmic egg of chaos (天地
混沌如雞子，盤古生其
中。). 

• Someday he cut the “egg” 
into halves with an axe. 

• Light stuff floats up to form 
the sky 

• Heavy stuff sinks down and 
becomes the ground. 



Western Origin Story 

• “In the beginning, 
God said ‘let there 
be light’…” 

• Creation of 

everything ascribed 

to the almighty God 

in “seven days” 



Origin Story: Hopi of Northeastern 
Arizona 

• The world at first was endless 
space in which existed only the 
Creator, Taiowa. 

• This world had no time, no 
shape, and no life, except in the 
mind of the Creator.  

• Eventually the infinite creator 
created the finite in Sotuknang 

• As Taiowa’s agent, Sotuknang 
gathered together matter from 
the endless space to make the 
nine solid worlds. 



The ‘paradoxes’ of beginnings’ 
• How can SOMETHING come from NOTHING? 

– Any solutions? 

• Some Traditional Solutions: 

– Begin with CHAOS, or NOTHING 
• (but how can there be nothing … & is chaos something?) 

– Some origin stories have NO beginnings  
• (but how can something have no beginning?) 

– Begin with a GOD or GODS as ‘the first cause of 
everything’ 
• (but how and when were the gods created?) 



Bertrand Russell on “Why I am not a 
Christian,” 1927 

• “… I for a long time accepted the argument of the First Cause 
[everything must have a cause so there must be a first cause, 
which we can call God] until one day, at the age of eighteen, I read 
John Stuart Mill’s Autobiography, and I there found this sentence: 
“My father taught me that the question, ‘Who made me?’ 
cannot be answered, since it immediately suggests the further 
question, ‘Who made God?’ That very simple sentence showed 
me, as I still think, the fallacy in the argument of the First Cause. If 

everything must have a cause, then God must have a cause.” 



A Story 

• extracted from A Brief 
History of Time, Stephen 
Hawking 

So this is how our 
Earth and the Sun 

move… 

Then what is the 
tortoise standing 

on? 

This is all 
rubbish! 



A Story 

• extracted from A Brief 
History of Time, Stephen 
Hawking 

Then what is the 
tortoise standing 

on? 

Very smart of 
you! But… It’s turtle all the 

way down! 



A “Proof” for the Necessary Existence of 
Something 

• Why Does the World 
Exist?: An Existential 
Detective Story by Jim 
Holt; Liveright; 1st 
edition (April 8, 2013) 

• http://www.ted.com/t
alks/jim_holt_why_do
es_the_universe_exist
?language=en (for his 
TED talk) 



The Scientific Version of Origin Story 
faces the same problem 

• Scientists still have no good answer to the question: If everything 
has a cause, what caused the creation of our Universe?   

• Cosmology 
– Cannot tell us if anything existed before 

– Cannot even tell us if time and space existed 

– Cannot tell us why the Universe appeared 

• But … 
• from a split second after the moment of creation it can tell a powerful 

story based on masses of evidence 



Comparing Origin Stories 

Then why do we seem to prefer the “Scientific 
version” of Origin Story? 

Or should we? 

The “Scientific version” at least 

• follows the Scientific Method 

• is based on testable evidence 



Summary of the Idealized Scientific Method 

Observation 

Hypothesis 

Prediction 

Experimental 
Test 

Confirmation 
or Falsification 

So any falsified claim will be abolished… 
 

(Generalization 
via 

induction) 

(Deduction) 



Newton’s Universe: unchanging, infinite 
in time and space 
Not necessary to explain our existence… 

But … it had problems too! 

E.g. Olbers’ paradox: 

 
If space is infinite, there should be  

  1) an infinite number of stars and  

  2) the Universe should be infinitely hot and bright 

  3) we could not possibly be here … but we are! 
 

MODERN BIG BANG COSMOLOGY SOLVES THIS PROBLEM 



The Solution arose from  
19th century attempts to  

Map the Universe 

Two types of measurements: 

1. DISTANCE: How far away were Stars & 
Galaxies 

2. MOVEMENT: Were Stars and Galaxies moving 
towards or away from us 



Why are Distance Measurements 
Important? 

Albert Einstein 

Nothing can travel faster 
than the speed of light, 
c! 

It takes me a long time to 
reach him! Many, many 
years! 

Light-years! 



Getting a Sense of the Distance/Time Scale 
involved 

1.496×108 km 
8 min 19 sec for light to travel 

Alpha Centauri 
南門二 

4.37 light-years 

2,538,000 light-years 

Andromeda galaxy 
仙女座星系 



Looking Far, Looking Back 

• So by looking at objects far away from us, we are also 
looking at the past of the Universe. 

– The farther we look, the more distant past we will 
observe. 

• Einstein’s Special Relativity 

– Time and space are the same thing! 



1) DISTANCE:  
How far away are the stars? 

• How can we possibly 
figure out how far 
away the stars are? 

• The Greeks knew the 
answer! Use 
‘parallax’: ‘apparent 
change of position as an 
observer moves’ 



As the earth moves, see if any stars 

seem to shift against the background. 

Parallax for measuring distance to nearby stars 

A 

 

D 

Distant stars 

(background) 

Nearby star 

(to be measured 

like your finger) 

By measuring A and , we can 

calculate 

D = A/ 

* 

Us on Earth 



Using parallax to measure the Universe 

• The Greeks knew all this 

– But stellar movements were so tiny they could 
not detect or measure them 

• Better instruments often advance science 

– The 1st accurate parallax measurements were 
not made until 1838 

– Even now parallax can only be used for nearby 
stars 



The June 2012 Transit of Venus 
seen over the Baltic, Copyright: Jens Hackmann  

By measuring when Venus seems 

to enter and leave the sun from 

different places, 18th century 

astronomers used parallax to 

calculate the distance to the Sun. 

Measuring a transit was what 

brought Captain Cook to Tahiti. 

http://www.kopfgeist.com/uebermich.htm
http://www.kopfgeist.com/uebermich.htm


Measuring the distance of remote stars:  
“Cepheid variables” 
as cosmic ‘candles’ 

• Henrietta Leavitt (1868-1921) found that: 
– Variations in brightness of “Cepheid variables” (a special type of 

pulsating stars) depend on their absolute brightness 

– So we can calculate their real brightness 

– Then, by measuring their apparent brightness we can measure how 
far away they are because … 

– Light emitted from any object spreads out  
and ‘thins out’ according to 1/distance2 

(https://www.youtube.com/watch?v=sXJBrRmHPj8) 



Cepheid Variables 



2) MOVEMENT:  
Are stars moving towards or away 

from us? 
 



We measure such 
movements using the 
‘Doppler Effect’ 

• When a motorbike passes us, why does the pitch of its 
engine seem to fall? 
 https://www.youtube.com/watch?v=imoxDcn2Sgo 
 

https://www.youtube.com/watch?v=h4OnBYrbCjY 



Doppler Effect 
• As the source approaches,  

– sound waves from the engine are 
squashed up  

– so they seem to have a higher 
frequency  

– (our ears hear a higher pitch) 

 
High Frequency 



Doppler Effect 

• As the source moves away,  
– sound waves are stretched out,  
– so they seem to have a lower frequency  
– (our ears hear a lower pitch) 

Low Frequency 



‘Waves’ of Light 

• Light waves have ‘frequencies’ 

• We see different frequencies as different colours 
– Red light has a lower frequency than Blue light 

• If an object moves rapidly away from us the frequency of its light waves 
decreases slightly 
– It is “red shifted” by tiny amounts 

– (So small you need special equipment to measure it) 

• If an object moves rapidly towards us the frequency of its light waves 
increases slightly 
– It is “blue shifted” by tiny amounts 



How to measure light frequencies 

Since the 19th century, ‘spectrometers’ have 

been used to study starlight. 

Prisms split up the different frequencies 



Microsoft ® Encarta ® Reference Library 2003. © 1993-2002 Microsoft Corporation. All rights reserved. 

How can we detect these tiny shifts in 
frequencies? 

• Elements absorb light at particular frequencies 

• Creating dark ‘absorption lines’ in light spectra 

• If the line pattern shifts to the red (lower frequencies), 
we know that all frequencies have shifted 

• And we know the object is moving away from us 
Absorption lines 



Red Shifts 
Note how the same absorption line shifts to the red end 

Distant galaxy 

Nearer galaxy 

Nearby star 

Even nearer  

galaxy 

All in comparison with what we observe in a laboratory. 



Crucial new Evidence 

• By the early 20th century, good estimates of: 

1. The distance to some stars & galaxies 
(using parallax and Cepheid variables) 

2. The motion of stars and galaxies towards or away 
from us 
(from studying their light frequencies) 

• Keys to understanding the nature and origins 
of our Universe 



An Important Observation 

• In general, stars, galaxies, etc., seem to be 
moving away from us! 

– More DISTANT galaxies are moving away from us 
FASTER! 



WHAT DID THIS MEAN? 
• Hubble’s 1929 graph showed a relation between 

distance and rate of recession of extra-galactic 
nebulae 

the further away a galaxy is 

the faster it is moving away 

Slope of this line is 
called the Hubble 
constant, 𝐻0. 



The Universe is Expanding! 
• Hubble’s observation can mean that 

– The whole universe is expanding! 

For more distant objects, there is more space/stuff in-
between. 

There is more expansion in-between. 

The objects move away from us faster! 

 

 

 

 This is supported by Einstein’s GR!  



Going back in time… 

• Everything comes back to one point! 



BANG!!!!!! 



The Starting Point 

• The whole Universe came 
out of one single point! 

• The Big Bang! 

• The Universe is not 
infinitely old. 

• Its size is also finite. 



Using the Hubble Constant 
• The Hubble constant, 𝐻0, gives us a 

sense of how fast the Universe is 
expanding. 

• The Hubble time, 𝑇 =
1

𝐻0
, can serve as 

an estimate of the age of the Universe. 

• An analogy: 
– Let’s observe how the speed of your ball 

changes. 

– We can then estimate when you throw 
the ball out. 



The Modern Story of Origins 

• Before 13.8 billion years ago, there is nothing 
we can say 

• Then 

– SOMETHING APPEARED: very small, very hot 

– WE DO NOT KNOW WHY! 

– But we can learn what happened afterwards! 


